Introduction {#sec1}
============

Endometriosis is a common gynecological condition that counts sexual pain among its cardinal symptoms, along with painful menstruation, chronic pelvic pain, and infertility. Endometriosis is known to cause deep dyspareunia, which is defined as pelvic pain occurring with deep penetration during sexual activity.[@bib1] Women with endometriosis may also experience superficial dyspareunia, or pain at the vaginal introitus, as a consequence of comorbidities such as provoked vestibulodynia or pelvic floor dysfunction.[@bib2]^,^[@bib3] Deep and superficial dyspareunia seem to co-occur in populations seeking tertiary care; in 1 study approximately 40% of women with dyspareunia reported both types of pain.[@bib3]

Because endometriosis is associated with difficulties conceiving,[@bib4], [@bib5], [@bib6] future fertility is a cause for concern among women who are diagnosed with the condition and hope to start or grow a family.[@bib7]^,^[@bib8] A limited literature suggests that the anticipated impact of endometriosis on fertility causes feelings of inadequacy, depression, and worry among women diagnosed with the condition.[@bib9] One qualitative study showed that individuals who were very negatively affected by their potential infertility experienced panic attacks and moderate to severe depression,[@bib10] and follow-up research suggested that greater psychological distress was related to individual beliefs about the stigma of infertility.[@bib11]

In some cases, the presence of dyspareunia may be associated with the occurrence of infertility. For example, some existing research suggests that infertility may be associated with an increase in pain related to the stress of infertility and its treatment.[@bib12] Pain may be a factor in infertility when superficial dyspareunia makes intercourse difficult to achieve[@bib13] or deep dyspareunia makes intercourse difficult to sustain,[@bib14] sometimes causing affected individuals to avoid sexual stimuli.[@bib15] In the latter cases, it may be the interruption or avoidance of intercourse, rather than infertility related to abnormalities in ovulation, fertilization, or implantation, that reduces the likelihood of pregnancy.

A separate question is whether dyspareunia is associated with patients\' concerns about infertility. Patients with superficial dyspareunia may worry about achieving the vaginal penetration required for natural conception. Patients with deep dyspareunia, who experience pain internally in the pelvic region, may worry about the health of their reproductive organs. Infertility concerns among women with endometriosis may also be affected by factors that are unrelated to the condition. For example, younger age, nulliparity, and nonwhite race have been shown to predict concerns about ability to conceive among reproductive-age women faced with the prospect of impaired fertility.[@bib7]^,^[@bib16]^,^[@bib17] Previous difficulties in achieving pregnancy and the presence of known risk factors for infertility may also affect perceptions of reproductive potential. However, it is important to note that psychological concerns about infertility may not directly correlate to the degree of infertility. It is possible for a patient with a briefer duration of infertility related to reversible cause to have significant concerns about their future fertility, more so than patient with a longer duration of infertility due to multifactorial causes, depending on the individual psychosocial and medical circumstances of the patient.

The objective of this study was to examine the association between deep or superficial dyspareunia and infertility concerns among women with endometriosis. We hypothesized that greater severity of deep dyspareunia and greater severity of superficial dyspareunia would each have an independent association with increased infertility concerns. To account for the effect of other factors on the relationship between sexual pain and infertility concerns, we conducted multivariable analyses that included endometriosis-specific and reproductive covariates with potentially confounding effects.

Material and methods {#sec2}
====================

We examined the relationship between severity of sexual pain and infertility concerns using a cross-sectional design that is well suited to exploratory analyses that are proposed on a theoretical basis.[@bib18] Ethics approval was obtained from the University of British Columbia Children\'s and Women\'s Research Ethics Board (H16-00264).

Participants {#sec2.1}
------------

We performed a cross-sectional study of consenting patients who were newly referred or re-referred to the BC Women\'s Center for Pelvic Pain and Endometriosis Center, Vancouver, between 2013 and 2017.[@bib19]^,^[@bib20] Data on the study subjects were obtained from the Endometriosis Pelvic Pain Interdisciplinary Cohort (EPPIC, [ClinicalTrials.gov](http://ClinicalTrials.gov){#intref0015} Identifier: NCT02911090) prospective data registry (institutional review board approval: H16-00264). EPPIC was designed to measure patient-reported outcomes and to identify factors associated with different types of pelvic pain, particularly among women with endometriosis.[@bib19] Before the gynecologist consultation, patients completed baseline questionnaires online within EPPIC, including the Endometriosis Health Profile-30 (EHP-30) and its infertility concerns subscale (module F).[@bib21] At the time of the consultation, the gynecologist entered additional data from examination and chart review into the EPPIC. This study included patients who then prospectively underwent surgery at the center, typically performed approximately 3--6 months after baseline. Surgical data were entered by the surgeon or fellow immediately after the surgery. Once available, pathology data from surgical specimens were also entered into EPPIC.

Inclusion criteria for this study were entry into the EPPIC registry between December 2013 and June 2017, with surgery prospectively performed at the center and histologically confirmed endometriosis in at least one excised tissue specimen. Exclusion criteria were self-reported status as "never sexually active," spontaneous or surgical menopause, and patients choosing the "not relevant" option for the EHP-30 infertility concerns subscale (eg, patients who had completed childbearing). Individuals with incomplete or missing data on the infertility concerns module of the EHP-30 questionnaire were also removed from analysis. [Figure 1](#fig1){ref-type="fig"} shows how the study population was defined, including reasons for exclusion at each stage of selection.Figure 1Selection of study sample. Flow chart of included and excluded cases.

Measures and Covariates {#sec2.2}
-----------------------

All variables were collected when patients presented at the center and were recruited into the EPPIC registry, except for endometriosis stage which was obtained at the time of surgery.

The primary outcome was the infertility concerns subscale (Module F) of the EHP-30, a validated instrument that measures health-related quality of life in women with endometriosis.[@bib21] Module F has a 4-week recall period and asks whether the possibility of infertility has caused respondents to feel (i) worry, (ii) inadequacy, (iii) depression, or (iv) relationship strain. For every item, respondents indicated whether they never, rarely, sometimes, often, or always experienced the feeling in the last 4 weeks. Each response option was assigned a value from 0 to 4, for a total maximum possible score of 16 (a higher score indicates higher concern). The score was also converted to a percentage, after dividing by 16.

The main variables of interest were sexual pain scores at baseline. Respondents reported severity of deep dyspareunia and severity of superficial dyspareunia on previously published 11-point numeric rating sales, anchored with "no pain" at 0 and "worst pain imaginable" at 10.[@bib19] The items reflect the Initiative on Methods, Measurement and Pain Assessment in Clinical Trials recommendations that 11-point numeric rating scales are appropriate for pain scoring in endometriosis.[@bib22]

Potential confounders were obtained from the data registry and included endometriosis-specific factors, demographic characteristics, and reproductive variables. Endometriosis-specific factors were endometriosis stage at the time of surgery (American Society for Reproductive Medicine stage I/II vs stage III/IV[@bib23]), as well as baseline dysmenorrhea and chronic pelvic pain reported on the same 11-point numeric scale as sexual pain. Demographic data included age; nulliparity (yes/no); marital status (partnered; yes/no); ethnicity (Caucasian, other); education (some high school, graduated high school or earned General Educational Development diploma, some college, graduated 2 year college, graduated 4 year college, postgraduate degree, other); and household income (\<\$20,000, \$20,000--\$39,999, \$40,000--\$59,999, \$60,000--\$79,999, \$80,000--\$99,999, ≥\$100,000). We also collected data for other variables that could affect reproductive potential such as previous difficulties conceiving ("Have you ever had problems getting pregnant \[infertility\] when you wanted to?" never tried/yes/no); currently trying to conceive (yes/no); previous miscarriage (yes/no); use of hormonal contraception (oral contraceptives, intrauterine devices, injectable medications, transdermal patches, and/or transvaginal rings: never/ever); oligomenorrhea (\>35 days between menstrual periods; yes/no)[@bib24]; history of chlamydia, gonorrhea, and/or pelvic inflammatory disease (yes/no)[@bib25]; smoking (never, ever)[@bib26]; weekly alcohol use (≤7 drinks, \>7 drinks)[@bib21], [@bib22], [@bib23], [@bib24]; and body mass index (\<18.5, 18.5--30, \>30 kg/m^2^).[@bib27]

Statistical Analyses {#sec2.3}
--------------------

Statistical analyses were performed using R,[@bib28] with AER[@bib29] and MASS[@bib30] packages. When the EHP-30 infertility concerns score was left as a continuous variable (0--16), the assumptions of linearity and homogeneity of variance for linear regression were not met. Therefore, we grouped the EHP-30 infertility score into 5 categories for ordinal regression: those without infertility concerns (ie, 0 category) formed one category and those with infertility concerns were divided into equal quartiles (ie, 1--4, 5--8, 9--12, 13--16 categories). Listwise deletion of missing data was used given the small proportion of partial respondents. Nonresponse and partial response rates are reported in [Figure 1](#fig1){ref-type="fig"} and [Table 1](#tbl1){ref-type="table"}.Table 1Characteristics of the study population (n = 300)CharacteristicMean ± SD or n (%)Infertility concerns score (0--16)7.94 (5.47) 053 (18) 1--438 (13) 5--867 (22) 9--1275 (25) 13--1667 (22)Superficial dyspareunia (0--10)3.63 ± 3.16Deep dyspareunia (0--10)6.24 ± 3.08Age32.7 ± 6.3Marital status Partnered247 (82) Unpartnered53 (18)Race White210 (70) Other90 (30)Education Some high school8 (3) High school or GED diploma26 (9) Some college66 (22) 2 year college degree46 (15) 4 year college degree81 (27) Postgraduate degree64 (21) Other9 (3)Income \<\$20,00034 (11) \$20,000--\$39,00055 (18) \$40,000--\$59,99939 (13) \$60,000--\$79,99956 (19) \$80,000--\$99,99943 (14) ≥100,00073 (25)Nulliparous221 (74)Amenorrhea due to hormonal therapy32 (11)Previous miscarriage48 (16)Previous difficulty conceivingNever tried130 (43) Yes122 (41) No48 (16)Currently trying to conceive89 (30)Endometriosis stage I/II192 (64) III/IV98 (33) Missing10 (3)[^1]

Descriptive data were summarized as n (%) for categorical variables and mean ± SD for continuous variables. Simple ordinal regression was used to test the bivariate relationships between the categorized infertility concerns subscale and deep dyspareunia, superficial dyspareunia, endometriosis-specific variables, factors from reproductive history, and demographic variables. Multivariable ordinal regression was then performed for the categorized EHP-30 infertility concerns subscale score, including significant dyspareunia variables and all potential confounders. Because it is recommended that each of the 5 categories of the infertility concerns score should have a sample size greater than 10 multiplied by the number of variables in the model,[@bib31] we built additional models with smaller subsets of potential confounders to confirm the robustness of the results.

Results {#sec3}
=======

Sample Description {#sec3.1}
------------------

The study flow chart is shown in [Figure 1](#fig1){ref-type="fig"}, and [Table 1](#tbl1){ref-type="table"} shows the characteristics of the 300 women in our study. On average, participants were 32.7 ± 6.3 years old. 82% (247/300) of participants were partnered, 70% (210/300) were Caucasian, and 74% (221/300) were nulliparous. 66% of participants (200/300) had at least a 2-year college degree, and 57% (172/300) had a household income of \$60,000 or greater. 30% of participants (89/300) were trying to conceive at the time of the study, and 41% (122/300) reported previous difficulty conceiving. At the time of surgery, 64% (192/300) were found to have stage I/II endometriosis, 33% (98/300) were found to have stage III/IV endometriosis, and 3% (10/300) were missing staging information. The mean infertility concerns score was 7.94 ± 5.47, the mean superficial dyspareunia score was 3.63 ± 3.16, and the mean deep dyspareunia score was 6.24 ± 3.08.

Relationship Between Infertility Concerns and Dyspareunia {#sec3.2}
---------------------------------------------------------

Bivariate analyses indicated that increased severity of superficial dyspareunia was associated with infertility concerns subscale score (odds ratio = 1.09, 95% CI 1.02--1.16, *P* = .011) but increased severity of deep dyspareunia was not (odds ratio = 1.02, 95% CI 0.95--1.09, *P* = .58). Ancillary analyses showed that participants who self-reported previous difficulties conceiving had significantly higher superficial dyspareunia than those who reported no difficulties, and the group who had never tried to conceive had the highest average superficial dyspareunia (data not shown). As shown in [Table 2](#tbl2){ref-type="table"}, younger age, race, nulliparity, previous difficulties conceiving, currently trying to conceive, greater severity of dysmenorrhea, and stage III/IV endometriosis were also associated with greater infertility concerns score.Table 2Bivariate associations with the EHP-30 infertility concerns scoreCharacteristicOR (95% CI)[∗](#tbl2fnlowast){ref-type="table-fn"}*P*[∗](#tbl2fnlowast){ref-type="table-fn"}Deep dyspareunia1.02 (0.95--1.09).58Superficial dyspareunia1.09 (1.02--1.16).011Dysmenorrhea1.13 (1.04--1.13).005Chronic pelvic pain1.02 (0.95--1.09).53Endometriosis stage, III/IV1.65 (1.07--2.55).024Age, years0.94 (0.91--0.98)\<.001Marital status, partnered1.09 (0.65--1.84).74Race, other1.62 (1.04--2.55).035Education (reference group: some high school) High school or GED diploma0.26 (0.04--1.61).14 Some college0.34 (0.06--1.94).22 2-year college degree0.30 (0.05--1.73).17 4-year college degree0.39 (0.07--2.17).27 Postgraduate degree0.38 (0.06--2.15).27 Other0.48 (0.06--3.49).46Income (reference group: \<20,000) \$20,000--\$39,0001.58 (0.73--3.45).25 \$40,000--\$59,9991.56 (0.67--3.62).30 \$60,000--\$79,9991.62 (0.75--3.51).25 \$80,000--\$99,9991.17 (0.52--2.61).70 ≥100,0001.19 (0.56--2.52).65Nulliparous6.68 (3.98--11.39)\<.001Previous miscarriage0.66 (0.38--1.16).15Previous difficulty conceiving (reference group: never tried) Yes2.11 (1.35--3.31).001 No0.13 (0.07--0.25)\<.001Currently trying to conceive5.69 (3.57--9.21)\<.001Hormonal contraceptive use, ever0.64 (0.35--1.15).14Oligomenorrhea1.63 (0.74--3.60).22STI1.22 (0.69--2.18).50Smoking status, yes1.14 (0.63--2.06).67\>7 alcoholic beverages/week1.07 (0.43--2.67).89BMI (reference group: 18.5--30 kg/m^2^) \<18.52.24 (0.78--6.68).14 \>300.73 (0.42--1.28).28[^2][^3][^4]

Multivariable ordinal regression models are shown in [Table 3](#tbl3){ref-type="table"}. For model A, a unit increase in the superficial dyspareunia score (ie, an increase of 1/10 in severity rating) was associated with a 14% higher odds of infertility concerns (adjusted odds ratio \[AOR\] = 1.14, 95% CI: 1.06--1.24, *P* \< .001), adjusting for age, race, nulliparity, previous difficulties conceiving, currently trying to conceive, severity of dysmenorrhea, and endometriosis stage. A unit decrease in age (ie, 1 year younger) was associated with a 6% higher odds of infertility concerns (AOR = 0.94, 95% CI: 0.89--0.98, *P* = .005). For the binary variables in model A, currently trying to conceive was associated with a fivefold higher odds of infertility concerns (AOR = 5.23, 95% CI: 2.77--9.98, *P* \< .001), nulliparity was associated with a threefold higher odds of infertility concerns (AOR = 3.21, 95% CI 1.63--6.41, *P* \< .001), and previous difficulty conceiving was associated with a twofold higher odds of infertility concerns (AOR = 2.09, 95% CI 1.04--4.19, *P* = .038). Race, endometriosis stage, and severity of dysmenorrhea were not significantly associated with infertility concerns in model A.Table 3Multivariable ordinal regression modelsVariablesUnadjustedModel AModel BModel CModel Dn = 300n = 259[∗](#tbl3fnlowast){ref-type="table-fn"}n = 259[∗](#tbl3fnlowast){ref-type="table-fn"}n = 300n = 300OR (95% CI, *P*)AOR (95% CI, *P*)AOR (95%CI, *P*)AOR (95% CI, *P*)AOR (95% CI, *P*)Superficial dyspareunia1.09 (1.02--1.16, .011)1.14 (1.06--1.24, \<.001)1.10 (1.03--1.19, .007)1.07 (1.00--1.15, .042)1.13 (1.06--1.22, \<.001)Previous difficulty conceiving, yes2.09 (1.04--4.19, .038)0.87 (0.50--1.50, .61)Previous difficulty conceiving, no0.40 (0.16--0.94, .038)0.12 (0.06--0.24, \<.001)Currently trying to conceive5.23 (2.77--9.98, \<.001)6.82 (3.81--12.38, \<.001)Age0.94 (0.89--0.98, .005)0.98 (0.94--1.01, .24)Race1.11 (0.63--1.94, .72)1.74 (1.10--2.78, .019)Nulliparity3.21 (1.63--6.41, \<.001)5.82 (3.37--10.22, \<.001)Endometriosis, stage III/IV1.48 (0.86--2.56, .16)1.96 (1.24--3.14, .005)Dysmenorrhea1.09 (1.00--1.20, .057)1.11 (1.02--1.21, .015)[^5][^6]

Additional regression models were built incorporating endometriosis-associated factors alone (model B; [Table 3](#tbl3){ref-type="table"}), demographic variables alone (model C), and reproductive history alone (model D). In each of these models, superficial dyspareunia remained significantly associated with infertility concerns (model B, AOR = 1.10, 95% CI: 1.03--1.19, *P* = .007; model C, AOR = 1.07, 95% CI: 1.00--1.15, *P* = .042; model D, AOR = 1.13, 95% CI: 1.06--1.22, *P* \< .001).

Discussion {#sec4}
==========

We hypothesized that both deep dyspareunia and superficial dyspareunia would be independently associated with infertility concerns among women with endometriosis; however, only superficial dyspareunia was significantly related to infertility concerns in bivariate analyses. Adjusting for other variables in a multivariable model, superficial dyspareunia, currently trying to conceive, nulliparity, previous difficulties trying to conceive, and younger age remained significantly related to infertility concerns.

There are several possible explanations for the observed difference between deep dyspareunia and superficial dyspareunia. These types of pain differ significantly with regard to whether vaginal penetration is possible---whereas women with deep dyspareunia may achieve penetration and endure pain until their partner ejaculates,[@bib32] those with superficial dyspareunia can find initial penetration very difficult or impossible and may delay trying to conceive until this symptom improves.[@bib33] Another potential explanation is that women with superficial dyspareunia may have more or different psychological comorbidities (eg, anxiety) that increase their worry about future fertility than those with deep dyspareunia; however, there has been no direct comparison of women with different types of sexual pain to address this hypothesis. Overall, the observed difference between deep dyspareunia and superficial dyspareunia should be interpreted with caution given the small absolute difference between the odds of infertility concerns associated with each of these variables.

Other factors that were associated with more infertility concerns were previous difficulty conceiving, currently trying to conceive, nulliparity, and age. These relationships were expected: both women who have experienced dificulty conceiving and those who are trying to conceive are likely to be more concerned about their ability to do so. Similarly, younger age and nulliparity may reflect uncertainty about reproductive potential.[@bib34]

Strengths of this study included the use of a validated measure for infertility concerns in the endometriosis population (EHP-30) and the robustness of the findings across ordinal regression models. The differentiation of sexual pain by type was also a strength, given that deep and superficial dyspareunia are often measured in aggregate.[@bib1] In addition, sampling and nonresponse error were unlikely to have biased the results, given the low rates of partial questionnaire completion ([Figure 1](#fig1){ref-type="fig"}, [Table 1](#tbl1){ref-type="table"}).

A primary limitation of the study was that the different relationships of superficial dyspareunia and deep dyspareunia with infertility concerns may have been driven by comorbid psychological factors.[@bib3]^,^[@bib10]^,^[@bib35] This possibility could not be explored because of collinearity between the infertility concerns module (ie, assessing depression and worry) and questionnaires used to measure pain catastrophizing,[@bib36] anxiety,[@bib37] and depression[@bib38] in our registry and reflects the complexities of studying the psychological burden of anticipated infertility.[@bib11] Another limitation of the study was that endometriosis was not staged at the same time that other data were collected because of the wait for surgery after the initial consultation; however, while some degree of spontaneous growth or regression of endometriosis lesions is known to occur,[@bib39] it would be clinically rare for stage I/II endometriosis to evolve into stage III/IV endometriosis within 6 months. Although the average infertility concern score in this study was consistent with the scores reported in the development of the EHP-30,[@bib21] our use of a pelvic pain data registry may limit generalizability to women with a primary complaint of infertility (eg, in a fertility clinic setting) as these individuals may have less severe dyspareunia.[@bib40]

The clinical significance of these findings can only be inferred, given the cross-sectional nature of the data. A unit increase of superficial dyspareunia (ie, an increase of 1/10) was associated with a 14% higher odds of infertility concerns. This means that a woman with a superficial dyspareunia severity score of 10 out of 10 would have 70% higher odds of infertility concerns than a woman with a severity score of 5 out of 10 and 140% higher odds than a woman with severity score 0 out of 10. Thus, among patients with endometriosis and severe superficial dyspareunia resulting from comorbidities such as provoked vestibulodynia or, in rare cases, endometriosis itself, it may be helpful to explore conversations about potential infertility concerns. In particular, these patients could be advised about treatment for introital pain (eg, pelvic floor physiotherapy) to facilitate vaginal intercourse and be reassured that the presence of superficial dyspareunia does not indicate dysfunction of the reproductive organs.

Conclusion {#sec5}
==========

We showed that superficial dyspareunia was associated with infertility concerns among women with endometriosis irrespective of age, reproductive history, and disease-specific factors. Given the cross-sectional design of this study, the relationship of superficial dyspareunia with infertility concerns should be further explored. Studies that account for relevant psychological variables, for example, through qualitative exploration or by controlling for a history of psychological conditions before the index endometriosis diagnosis, may help clarify the biopsychosocial complexities of infertility concerns and their relationship with dyspareunia. Considering the etiology of superficial dyspareunia through the use of vulvoscopy and a systematic assessment of Q-tip tenderness of the vulvar vestibule may also illuminate the relationship of superficial dyspareunia subtypes and infertility concerns. Clinically, the results serve as a reminder that potential infertility may produce worry among some women with endometriosis, even for those who have not yet tried to become pregnant and perhaps particularly for those experiencing superficial dyspareunia.
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[^1]: GED = General Educational Development.

[^2]: EHP-30 = Endometriosis Health Profile-30.

[^3]: GED = General Educational Development.

[^4]: Bivariate ordinal logistic regression.

[^5]: AOR = adjusted odds ratio; OR = odds ratio.

[^6]: Excludes participants who are amenorrheic because of hormonal suppression and participants with missing endometriosis stage.
